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Abstract 

    This thesis is to apply the numerical algorithm 
to simulate the fire extinction performance 
evaluation apparatus for agents of Halon 
replacement. The flow field is liquid-gas two phase 
flow. This two-phase flow is past a two-dimensional, 
laminar counterflow diffusion flame established by a 
Tsuji burner. Via the variations of droplet size and 
mass and flow velocity to distinguish the flame, the 
maximum concentration of the suppressant as a 
function of stretch rate at a fixed fuel ejection 
velocity can be determined. This process can be 
used to evaluate the fire suppression efficiency of 
new agents by comparing with that of water droplet. 
    Besides the effects of Damkohler number and 
fuel ejection rate, the vapor fraction and droplets 
affect the flame stability. It is caused by heat 
absorption and the decrease of fraction in reactants. 
As vapor fraction is increased, an envelope flame is 
blown off directly. This behavior is caused by 
decrease of chemical reaction rate. 
 
Keywords: Halon replacement agents, two-phase 
flow, Tsuji burner, counterflow, stretch rate, droplet 
concentration, fire suppression efficiency 
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(1)The effect of varying Damkohler number 
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Case Da R/U in2  Flame type 

A1 20 100 Envelope 
A2 14.28 140 Envelope 



A3 13.64 146.67 Side 
A4 11.54 173.33 Side 
A5 10.0 200 Wake 
A6 8.82 226.67 Wake 
A7 7.5 266..67 Blowoff 

J% Effect of varying Damkohler number 
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(2)The effect of changing fuel-ejecting rate 
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(3)The effect of inlet air humidity 
    *\#6êë}$&�!"��&Ë� '

v�#6ÎèÚ�&Ë�>��'Æ��#6ê

ë<Ûë^Ç�¤�õöÈ	É �ÄÊ���

�>st�M2�4ef>cd'�)�>�M

bh�Ë)ÌK_$?�,-P6>ÍÎ'�Ä

���ÌK_$?>cd'Ä�÷�aÞß\�

st]$^îÐÏ�$p`Ð$`lm�LM+

,->cd �Ä»�Ïf> Damkohler 

number9flame stretch rate< fw'����>st

]$�M2�4ef>cd'�4vw<!"N

M��#J´<$Ñ+%  

Case ∞OHY 2
 Flame type 

C1 0.1 Envelope 
C2 0.18 Envelope 
C3 0.19 Blowoff 

Da=209 `R/U in2 =100 and fw=0.5 for all case 

J´ Effect of humidity 

    *NM��$~�ÒB']$�M2�4>

cd§��\�4vw'��\@�no Ës

t]$^>_$:;QÓ* 0uZ, 0.18>)Û

'̂�46�01�4'Ë�, 0.19¡¨½D�'

Ô case BË^>©4vwÕ¡�¨½ ]$^P

_$>uZ,-�LMlm'V�no_,Ö

ô'k;¼½aq�lm �� stagnation	�>

V�k×ØÚ*¸¹>k>1'+ÙÚ>k;Ç

øä�kVW<¢£V�'�4
ÛÃ��¶g

¥Ü~¢ÝV�>	�'�Ä��øäY- 

4'ÔnoR��>©4Õøäef¡xyM}

� ~Þßô@�noL2V��&Ë7>cd  

 
��	
�� 

[1]The SFPE Handbook of Fire Protection 
Engineering, 2nd Edition, Editor: DiNenno, P.J., 



NFPA, Quiney, MA, 1995. 

[2]Fire Suppression System Performance of 
Alternative Agents Editor:Gann R.G., NIST SP 
890, 1995. 

[3]Grosshandler, W.L., Yang, Jiann C. andd Cleary, 
G. C., ‘Aerosol and SPGG Technology for Fire 
Research, NISTIR 5904, 1996. 

[4]Tsuji, H. and Yamaoka, I., ‘The Counterflow 
Diffusion in the Forward Stagnation Region of a 
Porous Cylinder,’ Eleventh Symposium 
(International) on Combustion, The Combustion 
Institute, Pittsburg, 1967. 

[5]Dressler, J.L., U.S. Patent No. 5,248,087, 28 
September, 1993. 

[6]Chen, C.H. and Weng, F.B., ‘Flame Stabilization 
and Blowoff Over a Porous Cylinder,’ Comust. 
Sci. and Tech., Vol. 73, p.427, 1990. 

[7]Crowe, M.P. Sharma, and D.E. Stock, The 
Particle-Source-In Cell Model for Gas-Droplet 
Flows, J. Fluid Eng., vol.99, pp. 325-332, 1977 

[8]Patankar, S. V., Numerical Heat Transfer and 
Fluid Flow, Hemisphere, London, 1980. 

[9]Liu, C.C., Tien, J.H. and Lin, T.H. ‘Extinction 
Theory of Streched Premixed Flames by Inert 
Spray,’ Combust. Sci. and Tech., Vol. 91, p.309, 
1993. 

 

Velocity

Pressure  &

Temperature

Field

 Trajectories

Size      &

Temperature

Histories

Mass coupling

[evaporation]

Momentum

[drag]

Thermal energy

[heat transfer]

 
$��Gas-droplet coupling phenomena 

 

(A1) Da=20 

-4.00 -2.00 0 .00 2 .00 4 .00 6 .00 8 .00 1 0.00 1 2.00

0.00

2.00

4.00

T=3 01K

T=200 0K

 
(A3) Da=13.64 

-4.00 -2.00 0 .00 2 .00 4 .00 6 .00 8 .00 1 0.00 1 2.00

0.00

2.00

4.00

T=30 1K

T=2 000K

 

(A5) Da=10 
$%9uâ Damkohler number�>!"NM�� 

 

-4 .00 -2.00 0 .00 2.0 0 4 .00 6.00 8.00 10.00 12 .00

0.0 0

2.0 0

4.0 0

-4 .00 -2.00 0 .00 2.0 0 4 .00 6.00 8.00 10.00 12 .00

0.0 0

2.0 0

4.0 0

Y o= 0.2

Yo =0 .1

Y o= 0.01

Y f= 0.4
Y f= 0.3

Yf= 0.1

Yf= 0.01

 
$�9case A2VW<�LM�� 

 

-4.00 -2.00 0 .00 2 .00 4 .00 6 .00 8 .00 1 0.00 1 2.00

0.00

2.00

4.00

T= 301K

T= 1800 K

 
(B3) fw=0.1 

-4.00 -2.00 0 .00 2 .00 4 .00 6 .00 8 .00 1 0.00 1 2.00

0.00

2.00

4.00

T=301 K

T=21 00K

 
(B4) fw=0.09 

$´9��VWXB=J fw�>!"NM�� 

 

-4.00 -2.00 0 .00 2 .00 4 .00 6 .00 8 .00 10 .00 1 2.00

0.00

2.00

4.00

T=20 00K

T= 301K

 
(C1) ∞∞∞∞OH2

Y  =0.1 

-4 .00 -2.0 0 0.00 2 .00 4.00 6 .00 8.0 0 1 0.00 12.00

0.0 0

2.0 0

4.0 0

T=1 800K

T= 301K

 
(C2) ∞∞∞∞OH2

Y  =0.18 

$Ñ9��st]$�M>!"NM�� 

 

-6.00 -4.00 -2.00 0.00 2.00 4.00 6.00 8.00 10.00 12.00

0.00

2.00

4.00

 
$à9#6\!"^�fgOP -4.00 -2.00 0 .00 2 .00 4 .00 6 .00 8 .00 1 0.00 1 2.00

0.00

2.00

4.00

T=20 00K

T=30 1K

T=225 0K

 


